Introduction
Porous metallic materials 1) possess various features according to the pore form, the size, and the amount that exist in the materials. They are attractive materials because they are lightweight, with high specific strength, with good energy absorption and with the high damping. Their applications have been extremely varied; soundproofing, heat insulation, electrodes, filter, medical supplies, heat exchangers, oilbearing material, etc.
This study explores a new manufacturing method of porous metal having gas ventilation.
2) The porous metal in this study will work as the air ventilator to prevent remaining of gas and to suppress the spews when the rubber is injected into a mold. In this study, iron was selected as a main network material because of its high melting point. Tin oxide powder which can be reduced to tin was selected as a metal connecting the network of metal powders. As the melting point of tin is 505 K, it is expected that the metallic tin generated by reduction of SnO 2 should become liquid at the reduction temperature. Therefore, tin liquid can permeate into gaps in the iron powders very easily by the capillary phenomenon. Thereby, the formation of intermetallic compounds is expected between Fe and Sn, such as FeSn and FeSn 2 intermetallic compounds with high melting point. 3) This paper will also present discussions of the microstructure and crystal phase of the sintered body obtained by hydrogen reduction at temperatures of 673-973 K. Figure 1 shows the starting powders of iron (a) and tin oxide (b), respectively. Figure 2 shows the experimental procedure for the manufacturing porous metal. As shown in this figure, iron and tin oxide powders were weighed, mixed and compacted into the columnar shape (green compact) of 12 mm in the diameter and 15 mm height. The green compact obtained was put in an alumina boat and it was then inserted into a quartz tube of an electric furnace. The green compact was heated on temperature up to 973 K and kept for 3:6 Â 10 3 s in a hydrogen atmosphere at same temperature.
Experimental Procedure
Crystalline phases in sintered body were identified through observation of the microstructure using scanning electron microscopy (SEM) and the X-ray diffraction (XRD) method (monochromatized CuK line and 40 kV). Figure 3 shows the schematic illustration of gas ventilation test. As shown in this figure, the sample was submerged in water, then air was sent from the bottom to confirm the free passage of gas through the sintered body.
Results and Discussion

Preliminary hydrogen reduction experiment of
SnO 2 Hydrogen reduction treatment of SnO 2 was carried out as a preliminary experiment for 3:6 Â 10 3 s at various temperatures. It was clarified that SnO 2 was not reduced to tin at 673 K. Even at temperature of 723-773 K, a small amount of SnO 2 remained as a mixture with tin. Tin did not form an ingot at 773 K. The tin ingot was obtained at 823 K. Therefore, the temperature of hydrogen reduction experiments for the Fe-SnO 2 mixtures was chosen as 773 K or higher to obtaining tin. Figure 4 shows the SEM image of the sintered body obtained by heating the mixture of Fe-SnO 2 in hydrogen for 3:6 Â 10 3 s at 773 K. Although some SnO 2 was reduced to tin at 773 K, much tin oxide remained. Figure 5 shows the SEM, FeK X-ray, and SnL X-ray images of the cross-section of the sintered body. Figure 6 shows the X-ray diffraction pattern of the sintered body shown in Fig. 4 . Along with Fe and SnO 2 of the starting materials, FeSn, FeSn 2 and Sn were identified. These corresponded to results shown in Figs. 4 and 5. It was clarified that hydrogen reduction treatment for 3:6 Â 10 3 s at 773 K is insufficient to obtain a perfect sintered body. Figure 7 shows the SEM image of a sintered body obtained Fig. 4 is not apparent in Fig. 7 . Figure 8 shows SEM, FeK X-ray and SnL X-ray images of the cross-section of the obtained sintered body. It is apparent in this figure that the liquid tin generated by hydrogen reduction filled the gaps surrounding iron powder particles by the capillary phenomenon. Figure 9 shows the X-ray diffraction pattern obtained from the sintered body of Fig. 7 . It differed from the sintered body obtained by 773 K, as shown in Fig. 6 , only Fe and FeSn were identifiable. Results verified that the tin oxide had been reduced completely to tin. The compression strength of the sintered body obtained at 873 K was 45.1 MPa. Figure 10 shows the SEM image of the sintered body obtained by heating a mixture of Fe-SnO 2 in hydrogen for 
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T. Takahashi 3:6 Â 10 3 s at 973 K. Apparently, FeSn crystals on the surface of sintered body grew to become large crystals. Some FeSn expanded to form hexagonal columnar crystals. This result shown by X-ray diffraction results clarified that these crystals were FeSn. Figure 11 shows the SEM, FeK X-ray and SnL X-ray images of the cross-section of the obtained sintered body heated in hydrogen for 3:6 Â 10 3 s at 973 K. It was confirmed that the hexagonal pillars had identical composition to that of FeSn, which existed on the surface of iron powder particles. However, the strength of sample sintered at 973 K was low. Sufficient powder connectivity was inferred to have been lost by FeSn crystal growth on the surface.
Confirmation of ventilation of gas
Gas ventilation testing of the sample was carried out with the equipment shown in Fig. 3 by the method of sending air from the bottom of a water tank. As described in section 3.3, the sintered body obtained using the reduction treatment at 873 K was submerged in water, the air was sent from bottom 
